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PROVISIONAL SPECIEICATION 

Improvements in Plate Heat Exchangers for Fluids 

We, Andhew Swan and Alan Arnold thickness of the sheet such that the part 

Geiffith, both of the Royal Aircraft of the corrug-ated sheet extending betTveen 55 

Establishment, South Farnborongh, the flat sheets becomes a fin of hig-h heat 

HamEshire, British subjects, do hereby dissipating qualities. 

5 declare the nature of this invention to be Another feature of the inrention ia that 

as foillows: — each corrugated sheet is shaped along the 

This invention relates to heat ex- two outer marginal parts parallel to the 60 

changers for fluids in which the fluid direction of the cormgationSj so that when 

passages are formed by corrugated plates the exchanger is assembled and the whole 

10 or sheets placed between flat plates or sweated together there is a definite seal 

sheets, and in which the two fluids, one to along these marginal parts to prevent 



be cooled the other to be heated, pass 
through the exchanger in different direc- 
tions. 



leakage of the fluids. 

Another feature of the invention is that 
the marginal parts of each corrugated 



65 



15 According to the present invention, the sheet are made to extend between adjacent 

heat exchanger is constructed of zig-zag flat sheets to form a siirface of .stream-line 

or corrugated (hereinafter referred to as shape projecting beyond the entrances and 70 

CQirriigated) plates or s-heets (hereinafter exits of the adjacent corrugated sheets, so 

referred to as sheets) which are arranged as to reduce the entry and exit losses 

20 with corrugations in some of the sheets through the passages. 

at an angle to the corrugations in others Another feature of the invention is that 

of the sheets and of flat plates or sheets the marginal parts of the flat sheets on 75 

(hereinafter referred to as sheets) arranged all sides are shaped and bent so that when 

one between each two adjacent corrugated the exchanger is completely assembled 

25 sheets, all the sheets being coated with and sweated together two opposite edges 

solder, tin, or other metal (which process of one flat sheet meet and are sweated to 

is hereinafter referred to as tinning) prior the two corresponding edges of the flat 80 

to assembly and being joined by heating sheet which adjoins on one side, while the 
and merging of the tinned surfaces (which 



_J process is hereinafter referred 

sweating) at the contacting parts of adja- 
cent sheets after assembly to form a. rigid 
pack or matrix (hereinafter referred to as 
a matrix). The matrix may be mounted 
36 in a- surrounding or skeleton frame. In 
one arrangement, the corrugations in any 



other two edges of the first flat sheet meet 
and are sweated to the two corresponding 
edges of the flat sheet which adjoins on 
the other side. 85 

Another feature of the invention is that 
wires or strips are fitted between the edges 
of adjacent flat sheets and lie parallel to 

^ , ^ and adjoining the corrugations of the 

one sheet are at an angle to those in the corrugated sheet between the adjacent flat 90 
adjacent sheet or sheets, while the corru- sheets and are sweated in this position to 
gations in alternate sheets are parallel to form a stream-line surface. 
40 one another. Another feature of the invention is that 

Another feature of the invention is that angle pieces forming a skeleton frame are 
the flat and corrugated sheets may be made soldered along _ the four corners of the 95 
of very thin material, _ and the corruga- assembled matrix at right angles to the 
tions may be of small dimensions. pJane of the flat and corrugated sheets to 

46 Another feature of the invention is that form a seal at these_ comers between the 
the corrugations forming the passages for passages^ for one fluid and those for the 
the flow of one fluid may be of the - ^""^^ 



or different dimensions from the corruga- 
tions forming the passages for the flow of 
60 the other fluid. 

Another feature of the invention is that 
the dimensions of the corrugations of the 
sheets may be chosen in regard to the 



other fltiid. JOG 

The heat exchanger, according to one 
form of construction, comprises a number 
of parallel flat sheets between each two 
of which is inserted a corrugated sheet in 
such a manner that the corrugations in 105 
each alternate corriigated sheet run in the 
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same direction, but the corrug-ationa of 
two adjacent corrugated siteets do not run 
in a similar direction but in some other 
direction, for example at rig-lit angles. 
5 The flat and corrugated sheets may be 
of thin material of the order of .002 in. or 
.003 in., althoug-h they may be less or 
more than this thickness, and are con- 
structed of a material "which can be tinned, 
10 such as copper, brass, g'ermau silver, 
cupro-niclcel, stainless iron, or stainless 
steel. 

The sheets or the strips from which the 
sheets are to be cut are tinned all over. 
16 The strips are then cut to provide the 
necessary flat sheets, while other strips are 
corrugated and cut to size. The corruga- 
tions- may be of triangular form with 
sharp or blxmt apices, or the corrugations 
20 may be of curved or sinusoidal form. A 
suitable dimension for depth of corruga- 
tion may be 30 times the thickness of the 
sheets, but other dimensions may be used. 
When a corrugated sheet is cut to the 
25 shape^ desired, the last corrugation, or 
more if iiecessarj'-, is bent flat so that when 
the heat exchanger is assembled the flat 
marginal part will press ^against a flat 
sheet to make a good joint and seal when 
30 eventually sweated. 

The flat and corrugated sheets are then 
assembled in a jig or frame, starting with 
a flat sheet, then a corrugated sheet with 
the cormgations running in the desired 
35 direction, then a flat sheet and another 
corrugated" sheet with the cori-ugations 
running in the other direction, for 
example at right angles to the first direc- 
tion, and so on until the necessary size of 
40 exchanger is made up. The exchanger, 
when fully assembled, is tightened up in 
. the jig, coated by or dipped in a suitable 
flux, placed in an oven at the requisite 
temperature, and sweated together at all 
45 points of contact between the sheets. The 
tightening up in the jig ensures that con- 
tact is made between the flat sheets and 
all the apices of the corrugated sheets, 
and also between the flat marginal parts 
50 of the corrugated slieets with the flat 



sheets to provide a seal. 

A modifieatiou of tJie above construc- 
tion to reduce entiy and exit losses 
through the exchanger may be obtained 
by shaping the last corrugation or more 55 
not only to provide the flat marginal part 
for sweating to one adjacent flat sheet, as 
previously described, but also to curve 
round and extend to the other adjacent 
flat sheet so as to form a stream-line sur- 60 
face, the edge of the curved portion being 
sweated to the. latter flat sheet. 

An alternative to the construction dw- 
scribed in the previous paragraph is ob- 
tained by cutting the flat Sieets to a 65 
gTeater size than the size of the exchange 
proper and turning two opposite edges 
downward to an extent slightly greater 
than half the depth of the corrugation of 
a corrugated sheet on one side, "and tlie 70 
other two opposite edg-es upward to an ex- 
tent slightly greater than half the depth 
of the corrugation of the rorrugated sheet 
on the other side. The flat sheets are 
assembled with the corrugated plates, ns 75 
previously described, in such a maimer 
that the corresponding edges of adjoining 
flat sheets meet and press against each 
other so that they may be finally sweated 
together to form a stream-line surface. 80 

Another alternative to the construction 
described in the previous paragraph is 
obtained by fitting wires or strips be- 
tween the flat sheets and parallel to llie 
corrugations in such a manner that purt 85 
of the wires or strips project beyond the 
surface of the exchanger to' provide 
stream-line surfaces. 

The corners of tlie flat or corrug-atej 
sheets are cut away, or the length of tlie 90 
wires are such that angle pieces may ha 
soldered along the four corners of tlie 
assembled heat exchanger at right angles 
to the flat and corrugated sheets. Suit- 
able inlet and outlet casings are fitted, 95 

Dated this 9th dav of -Tanuarv. 1937. 
AIS^DREW SWAIf, " 
ALATsT AR^TOLD GBIFiFITH, 
Applicants. 



COMPLETE SPECIFICATION 

Improvements in Plate Heat Exchangers for Fluids 

We, Andrew Svs-.^x and Alan" Auxold changers for fluids in wliich the fluid 
Griffith, both of the Royal Aircraft passages are formed by corrugated plates 
Establishment, South Farnborough, or sheets placed between flat plates or 
Hampshire, British subjects, do hereby sheets. 



100 declare the nature of this invention and 
in what manner the same is to be per- 
formed, to be particularly described and 
ascertained in and by the following .state- 
ment : — 

105. This invention relates to heat ex- 



Accordmg to the present invention. tliP 110 
heat exchanger is formed of flat plates or 
sheets thereinafter referred to as sheets) 
and of zig zag or corrugated Chereinafter 
referred to as corrugated) plates or slieetj 
(hereinafter referred to as sheets') arranged 116 
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one between eaoli two adjacent flat 
sheets, all points and snrfaces of contact 
of the sheets heing joined together in 
nietalliB -union to form a rigid whole. In 
6 one method of securing metallic union 
all the sheets are coated with a suitable 
material such as solder, tin, or other 
metal (which process is hereinafter re- 
ferred to as tinning) prior to assembly 

10 and. are joined in metallic union (which 
process is hereinafter referred to as 
sweating) at the contacting parts of adja- 
cent sheets after assembly to form a rigid 
pack or matrix (hereinafter referred to as 

Ifi a matrix). The matrix may be mounted 
in a surrounding frame and suitable in- 
lets and outlets for the passage of the 
fluids may be fitted. 

In one arrangement of the matrix, the 

20 corrugations in alternate corriigated 
sheets aie parallel to one another, while 
the corrugations in adjacent corrugated 
sheets are at an angle to. one another. 
A feature of the invention is that the 

25 flat and corrugated sheets may be made of 
very thin material of the order of O.003 
in. thiclc, although they may be less or 
more than this, and are constructed of a 
material which can be tinned such as 

30 copper, brass, german silver, cupro 
nickel, staindess iron, or stainless steel. 

Another feature of the invention is that 
the corrugations of the corriigated sheets 
may be of small dimensions, may be of 

35 triangular form with sharp or blunt 
apices or may be of curved or sinusoidal 
form, and the dimensions of the corru- 
g-ations may be chosen in regard to the 
thickness of the sheet such that the part 

"40 of the corrugated sheet extendiag between 
the flat sheets becomes a fin of nigh heal 
dissipating qualities. A suitable dimen- 
sion for the depth of corrugation may be 
from 10 to 30 times the. thickness of the 

45 sheets, but other dimensions may be used. 
Another f eature of the invention is that 
the corrugations of the corrugated sheets 
may be of the same or of different dimen- 

60 Another feature of the invention is that 
the sides of the matrix may be provided 
with stream-line surfaces between each 
two adjacent flat sheets, parallel to the 
direction of the corrugations of the cor- 

55 rugated sheet lying_ between, so as to 
^ reduce entry and exit losses through the 
heat exchanger. 

Another feature of the invention is that 
a seal to prevent leakage of the fluids may 

60 be provided along the marginal parts 
between each two adjacent flat sheets 
parallel to the direction of the corruga- 
tions of the corrugated sheet lying 
between. 

66 Another feature of the invention is that 



pieces may be fixed along the four cor- 
ners of the assembled matrix at right 
angles to the plane of the flat and corru- 
gated sheets to form a seal at these cor- 
ners. 70 

According to another feature of the in- 
vention, the matrix may be sub-divided 
so that either or both fluids may be con- 
strained to pass two or more times 
through successive sets of the. appropriate 75 
corrugated passages, successive passes 
being in opposite directions. Where this 
feature is applied to both fluids the 
arrangement is such that the fluids pass 
in a contraflow direction., 80 

The heat exchanger, according to one 
form of construction, comprises a num- 
ber of parallel flat sheets between each 
two of which is inserted a corru.gated 
sheet in such a manner that the corruga- 85 
tions in alternate corrugated sheets run 
in the same direction, but the corruga- 
tions of adjacent corrugated sheets are at 
right angles to one another. 

The material for_ the sheets is tinned 90 
adl over, and_ part is cut into flat sheets 
of the requisite size while .part is corru- 
gated and cut to size. The flat sheets are. 
cut to a greater si^e, except at the four 
corners, than the size of the exchange 95 
roper, and two opposite edges are turned 
ownward to an extent approximately 
equal to the depth of the corrugation of 
a corrugated sheet on one side and the 
other two opposite edges turned upward to 100 
an extent approximately equal to the 
depth of the corrugation of the corru- 
gated sheet on the other side, these edges 
being curved to a circular form. 

The heat exchanger is assembled in the 105 
following manner. Por the bottom a flat 
sheet of greater thickness is vised to pro- 
vide stiffness to the matrix, next follows a 
flat sheet with two opposite turned up 
edges into which is fitted one corrugated 110 
sheet with the corrugations running 
parallel to the turned up edges, next fol- 
lows a flat sheet with two opposite edges 
turned down and the other two opposite 
edges turned up, which is fitted on top of 115 
the flat sheet already assembled in such 
a manner that the' two opposite and 
curved edges of the 'two flat sheets over- 
lap. On top of the second flat sheet and 
between the upward curved edges is fitted 120 
a corrugated sheet at right angles to the 
first corrugated sheet. This procedure is 
continued until the necessary size of 
matrix is obtained and is finished with a 
flat sheet with only two opposite turned 125 
down curved edges, and finally a, thicker 
flat sheet to provide the necessary stiff- 
ness. 

The matrix when fully assembled is 
fitted into and tightened up in a jig, with 130 
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angle pieces inserted to fit along- each of 
tte four corners. The matrix is then 
coated -svith or dipped in a suitable flux, 
placed in an oven at the requisite tem- 
5 perature, and s^veated together at all 
points of contact betvreen the sheets. 
Tightening up in the jig ensures that con- 
tact is made between the flat sheets and 
all the apices of the corrugated sheets and 

10 also between the marginal parts of the 
flat sheets with one another and the sweat- 
ing together of the contacting points and 
' surfaces will ensure metallic union of the 
various surfaces, will seal the marginal 

16 parts and will provide stream-line siir- 
faees to reduce entry and exit losses 
through the exchanger. A matrix of high 
rigidity and high heat dissipating quali- 
ties is. thus obtained 

20 The heat exchanger is then fitted with 
suitable iwlet a:id outlet headers to per- 
mit the passage of the fluids. 

In an alternative form of construction 
the tinned corrugated and flat sheets are 

2S cut to the exact size of the e:rchanger, no 
curved pieces being provided on the edges 
of the flat sheets. Assembly of the ex- 
changer is niade by inserting flat and 
corrugated sheets alternately into the jig, 

30 the corrugations in adjacent corrugated 
sheets being arranged at right angles to 
one another, fixing angle pieces at the 
four corners, tightening xirt the matrix in 
the jig, covering with flxix and sweating 

35 Hie whole together. 

Sealing wires or strips of stream-lined 
shape are soldered or otherwise fixed be- 
tween each pair of adjacent flat sheets 
parallel to and adjoining the corrugations 

40 of the corrugated sheets lying between, 
and suitable inlet and outlet lieaders are 
fitted. 

One form of the invention is illus- 
trated in the accompanying drawings, in 

45 which Fig. 1 is a part section view of a 
heat exchanger, Fig. 2 a. vie-w showing an 
assembly of the flat and corrugated .sheets. 
Fig. 3 a view of a sealing piece suitable 
for the four corners of the heat ex- 

60 changer, and Figs. 4 and 5 are views of 
flat sheets showing the curved edges. 
Figs. 6 and 7 sho-w an arrangement of tho 
invention in which each fluid passes twice 
through the matrix. Figs. S and 9 are> 

65 views of a suitable assembly jig. 

Fig. 1 shows a matrix 1 composed of 
alternate flat sheets 2 and corrugated 
sheets 3 layered so that the corrugations 
of alternate corrugated sheets run in the 

60 same direction but those of adjacent cur- 
rugated sheets run at riglit angles to one 
another. The matrix 1 is fitted at the 
corners with angle pieces 4 and lieaders 5 
are fitted to permit the entry and exit of 

65 one fluid. 



In Fig. 2" adjacent corrugated sheets 3 
are shown running at rig'ht angles to one 
another between flat sheets 2, the curved 
portions_6 of the flat sheets providing a 
stream-line entry to the corrugated 70 
passages. 

Fig. 3 shows an example of ang-le piece 
4 for fitting along the four corners of the 
matrix to provide a seal between the cor- 
rugations of adjacent corrugated sheets 76 
3 in Fig. 2. 

In Figs. 4 and 5 the alternate flat sheets 
2 are c\irved at the edges 6 so that when 
fitted together the ctii'ved edges overlap 
and form a stream-lined .surface. 80. 

In Figs. 6 and 7 one fluid enters the 
matrix 1 by header 7 and passes through 
part of the matrix to header S and from 
there to the other part of the matrix and 
leaves by header 9, the flow through the 85 
two parts of the matrix being in opposite 
directions. The other fluid enters the 
matrix 1 by header 10 and passes througli 
part of the matrix to header 11 and from 
there to the other part of the matrix and 90 
leaves by header 12, tlie flow through the 
two parts of the matrix being- in opposite 
directions. 

The jig, Figs. S and 9. consists of a 
rectangular shaped box 13 having two 95 
opposite ends open which are covered by 
cover plates 14 held on bv screws or bolts 
15. 

The walls of the box and the attached 
covers are apertured in many places sur-li 100 
as at 16 to give access to the hot fumes 
while the jig is in the oven. 

Three mutually adjacent walls of tlie 
jig are fitted with spring loaded following 
up face plates 17. The springs IS are 105 
adjustable for load by the screws 19 which 
register with the cylindrical shants 20 of 
the face plates. The face plates are pre-, 
vented from turning roiind the axis of the 
shants 20 by one or more edges being ad- HQ 
jacent to a wall of the box such as at 21. 
Angle pieces 4 (Figs. 1 and 3) for fitting' 
along the four corners of the matrix are 
•shown in place in the jig. 

The parts of the jig in contact with the 115 
matrix are preferably made of a material 
that is not readily sweated. 

Having now particularly described and 
ascertained the nature of our .said inven- 
tion and in what manner the same i.s to 120 
he performed, we declare that what we 
claim is : — 

1. A heat exchanger for fluids con- 
structed of alternate flat and corrugated 
sheets, all points and .surfaces of contact 125 
of the .sheets being joined together in 
metallic union to form a rigid whole. 

2. A heat exchanger as claimed in 
claim (1), w^herein the corrugations in 
some of the currugated sheets are parallel 130 
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to one anotker but at an angle to tte cor- 
rugations of the other corriigated sheets. 

3. A heat exchanger as claimed in 
claim (1), wherein the corrugations in 

5 alternate corrugated sheets are paralle. 
to one another, while the corrugations in 
adjacent corrugated sheets are at right 
angles to one another. 

4. A heat exchanger as claimed in any 
10 of the preceding claims, -wherein the flat 

and corrugated sheets are made of a very- 
thin material and the corrugations are of 
smail dimensions. 

5. A heat exchanger as claimed in any 
15 of the preceding claims, wherein the cor- 
rugations in the different plates forming 
the passages for the fluids are of the same 
dimensions. 

6. A heat exchanger as claimed in any 
" 20 of the preceding claims, wherein the cor- 
rugations in the different plates forming 
the passages for the fluids are of different 
dimensions. 

7. A heat exchanger as claimed in any 
25 of the preceding claims, in which the 

sides of the matrix are provided with 
stream-line surfaces between each two 
adjacent flat sheets, parallel to the direc- 
tion of the corrugations of the corrugated 
30 sheet between such two adjacent flat 
sheets. 

8. A heat exchanger as claimed in any 
of the preceding claims, in which a seal 
to prevent leakage of fluid is provided 

35 along the marginal parts between each 
two adjacent flat sheets parallel to the 
direction of the corrugations of the cor- 



rugated sheet lying between such two ad- 
jacent flat sheets. 

9. A heat exchanger as claimed in any 40 
of the preceding claims, wherein pieces 
are fixed along the four corners of the 
assembled matrix at right angles to the 
plane of the flat and corrugated sheets to 
form a seal at these comers. 45 

10. A heat exchanger, as claimed in 
any of the preceding claims, in which the 
matrix is sub-divided so that either or both 
fluids may be constrained to pass two or 
more times through successive sets of the 50 
appropriate corrugated passages, succes- 
sive passes being in opposite directions. 

11. A heat exchanger as claimed in 
claim 10, in which the two fluids pass in 

a contraflow direction. 55 

12. Heat exchangers constructed sub- 
stantially as described with reference to 
and as shown in Figs. 1 to 7 of the accom- 
panying drawings. 

13. The method of making a heat ex- 60 
changer as claimed in any of the preced- 
ing claims, in which the sheets are 
assembled in a jig and heated to obtain 
metallic union of the contacting parts. . 

14. A jig when used in constructing a 65 
heat exchanger according to the method 
claimed in claim 13 constructed substan- 
tially as described with reference to Figs. 

8 and 9 of the accompanying drawings. 

Dated this 8th day of January, 1938. 
ANDREW SWAF, 
ALAISr ARNOLD GRIFFITH, 
Applicants. 
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